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Abstract 
In this paper, we conduct a detail analysis of a kind of base-band symbol distortion and spectrum-spreading caused 
by the limiter in the quadrature modulation system. The selected symbol is sin2(πt/4T). In order to improve the 
system bandwidth efficiency, we introduce the inter symbol interference, giving a method to analyze the base-band 
symbol distortion after adding the limiter, and got 64 kinds of distorted symbol waveform and expressions as well as 
the cross-correlation properties of the adjacent symbol. We also compared the modulated signal’s frequency spectrum 
characteristics before and after adding the limiter. Using the obtained distorted symbol waveform and adjacent code 
properties, we achieved the modulation process, verifying the correctness of the very method. The very method also 
provide a useful reference on analyzing other quadrature modulation system, whose base-band symbol distortion and 
spectrum spreading caused by the limiter. 
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1. Introduction 
At present, many channels of communication systems have nonlinear characteristics, for example, 
deep-space communication channel is a typical nonlinear parameter-change channel[1], the nonlinearity 
of the channel have a great impact on the transmission signal, This is because when the signals, whose  
envelop is ups and downs, are processed by the nonlinear components, there will have AM / PM effects, 
and thus introduce phase noise, resulting in spectrum-spreading, so it put forward a higher demand of the 
input signal's characteristics, and systems often require the modulated signal with constant envelope or 
quasi-constant envelope characteristics[2]. In order to get the constant envelope signals, people often add 
limiter in the non-constant envelope or quasi-non-constant envelope signals. Limiter will inevitably bring 
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about the introduction of base-band symbol distortion and spectrum expanding[3,4]. In view of this 
situation, this paper introduces a method to analyze the base-band symbol distortion and spectrum 
expanding. 
2. Analysis of Base-band Symbol Distortion Caused by the Limiter 
2.1. The Establishment of Quadrature Modulation System  
First in figure 1, we provide a frequently used quadrature modulation block diagram, In order to obtain 
constant envelope signal, we add a limiter in outputs of the modulating signal[5]. 
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Fig. 1. Quadrature modulation block diagram                               Fig.2. The formation of signals in quadrature modulation system 
 
First, the binary random information through serial / parallel converter to form two independent bipolar 
binary data, and then through the symbol shaper, filter to be a random symbol sequence, That is I, Q two 
base-band signals. Finally, multiply the orthogonal carrier respectively and add together to form 
modulation signals. The base-band symbol's expression we selected is: 
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Where T  is the length of time per bit. 
It has two main purposes to Select the formula(1) to describe the base-band symbol:  1. The length of 
time of single symbol than traditional quadrature modulation symbol has doubled the length of time. 
According to time-frequency correlation, increase 1 times of the symbol's length of time, accordingly, its 
narrow spectrum of 1 time[6]. That is to say, the faster its spectrum decay is, the smaller the band-energy 
radiation is. Meanwhile, it can improve the bandwidth efficiency of the signal, while reducing the 
interference of the adjacent channel by the signal. 2.Here , this symbol, the square of the sine signal, is to 
make itself smoother, the spectrum decay faster, the band-energy radiation smaller. However, the inter-
symbol interference will lead to an increase in bit error rat. However, according to Nyquist Second 
Criterion, by introducing inter-symbol interference to some symbols in the control of the sampling time, 
while not introduce it to other symbols, it reduces the requirement to eliminate inter-symbol interference. 
By doing that, it can not only improve the bandwidth efficiency, but also reduces the requirement to set 
the time[7]. 
The output signal modulated by the quadrature modulator (before the limiter) can be expressed as 
follows: 
).sin()(Q)cos()(I)( 00 tttttS ωω +=                                            (2) 
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Where I(t) is the base-band signal in in-phase channel，Q(t) is the base-band signal in orthogonal 
channel, there expression are expressed as follows: 
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Where d(k) values of ±1. 
Figure 2 shows the formation of the signal,(a)–binary random sequence(1101001110011)，T is the 
symbol length; (b) ，(c) –the bipolar random sequence obtained by Serial / parallel conversion，the 
symbol length is 2T; (d) ，(e) –  After a symbol shape, filtered in-phase and quadrature channels of the I 
and Q is the baseband signals in in-phase and orthogonal channel after a symbol shaper and symbol filter. 
There are T time's delay between Two channels of the symbol. (f) –the signal obtained after modulation. 
Here the length of each human inter-symbol interference is 2T in each channel. We require a peak to 
average power ratio, it means that the square root of the ratio value of   signal peak power and average 
power. The resulting of the peak to average power ratio is 1.22. 
2.2. The waveform distortion of the base-band symbol 
Here we will analyze the situation that the waveform distortion of the base-band symbol caused by the 
limiter. The output signal of the limiter can be expressed as follows, the value of the envelope is 
constantly equal to 1 value: 
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Based on analysis of quadrature modulation and (3), we need to find the distorted base-band symbol 
waveform and the adjacent symbols of the cross-correlation properties. Using these distorted base-band 
symbol waveform and the adjacent symbols of the cross-correlation properties, we can get the modulation 
signal of constant envelop without the limiter. 
From figure 2 we can see that, the existing interval of the 2k_th symbol is [2kT,2kT+4T]，and the 
symbol in interval of (2k-3), (2k-2), (2k-1), (2k+1), (2k+2), (2k+3) is also in this period. It is just the 
different combinations of the six symbols affecting the shape of the 2k_th symbol. The 2k_th symbol and 
the symbols other than the six symbols have no time overlap, and it has no affect of its shape. Obviously, 
In interval of [2kT, 2kT +4T] , 64 kinds of combinations may affect 2k_th symbol's pulse form. That is to 
say，the 2k_th symbol has 64 kinds of forms , it can be expressed as follows: 
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We are drawn the 64 kinds of waveforms of the 0_th symbol by means of MATLAB software and 
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found that, it can be broken up into two categories according to the most significant difference , as shown 
in Figure 3 and Figure 4. When all possible waveforms of the 2k_th symbol are in the first group (Figure 
3), at that time, all possible waveforms of the 2k_th symbol are in the second group (Figure 4). 
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Fig.3. When d(+1)⋅d(-1)=1,all possible waveforms of the 0_th symbol      Fig.4. When d(+1)⋅d(-1)=-1 ,all possible waveforms of the 0_th 
symbol                                                                     
According to the symmetry of the signal，from figure 3 and figure 4, in interval of [0,2T], it is not 
difficult to find that there  only four different kinds of pulse waveforms in the first set of figure, and there 
are a total of eight different waveforms in the two figures. 
When k=0 and d(0)=1, in interval of [0, 2T], the expression of the symbol can show as follows: 
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After calculation and derivation, in interval of [0, 2T], we get the expression of four kinds of symbol's 
waveform and the interrelated properties of the symbol. 
when d(+1)⋅d(-1)=1  , the signal's expression of the first set are shown as fallows： 
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Based on equation (5), in interval of [0, 2T], we get the following expression of the 0-th symbol in 
different symbol combination. That is to say, we get the adjacent symbol's cross-correlation properties. 
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According to the symmetry of the signal，in interval of [2T, 4T],  the signal of the other four wave 
forms in the first set can be expressed as follows： 
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 Similarly, when d(+1)⋅d(-1)=-1, the signal's expression of the second set are shown as fallows: 
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In case of different symbol combinations, in interval of [0, 2T], the expressions of the 0_th symbol   
are shown as follows. 
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According to the symmetry of the signal，in interval of [2T, 4T],  the signal of the other four 
waveforms in the second set can be expressed as follows： 
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Fig.5. The waveform of the signal modulation                            Fig.6. The signal's normalized power spectral density curve 
Using 64 kinds of symbols with waveform distortion and symbol cross-correlation properties we 
completed the process of modulation just as shown in Figure 5, the value of the binary random sequence 
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is 1101001110011.Limiter is not used here, it can be seen from the figure that the signal's envelope is 
constant, indicating that the 64 kinds of waveforms of the base-band symbol and the symbol cross-
correlation properties is correct. 
3. Analysis of the spectrum spreading 
Figure 6 shows the normalized  power spectral density curve of the received signal(G+(ω)/G(0)), 
curve 1–it is the normalized power spectral density curve of the modulated signal, when the symbol 
signal is sin2 (πt/4T) and does not join the limiter; curve 2 –it is the normalized power spectral density 
curve, when the symbol is the distorted signal; curve 3 –it is the normalized power spectral density curve 
of the MSK. From the waveform we can see that, When f is located at (0-1/2T), the spectrum does not 
extend basically, frequency extension occurs mainly in the frequency range greater than 1/2T, and the 
frequency extension is not obvious. We calculated the bandwidth when the power spectral density down 
by -40dB，the -40dB bandwidth of the modulated signal with distortion decreases by 2.5 times than that 
of MSK signal, we calculated the bandwidth when the power spectral density down by -60dB，the -40dB 
bandwidth of the modulated signal with distortion decreases by 4 times than that of MSK signal, Greatly 
improved the bandwidth efficiency of the signal, reduce the out-band energy radiation. 
4.   Conclusions 
This paper is aimed to propose a way of analysis on base-band symbol distortion and spectrum 
spreading caused by the limiter in a specific quadrature modulation system base-band. By using the 
method we can get 64 kinds of waveform and expressions of the symbol distortion, as well as the cross-
correlation properties of adjacent symbols. Through using the distorted symbol waveform and cross-
correlation properties of the adjacent symbols, the modulation can be achieved directly, so that it doesn’t 
need to add the limiter in a hardware circuit. However there is a disadvantage, which is that it is only 
useful to analyze the base-band symbol distortion caused by limiter in a quadrature modulation system. 
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